Summary Evidence on factors associated with misreporting of energy intake is limited, particularly in non-Western populations. We examined the characteristics of under-and over-reporters of energy intake in young Japanese women. Subjects were 3,956 female Japanese dietetic students aged 18-20 y (mean body mass index: 20.9 kg/m 2 ). Energy intake was assessed using a comprehensive self-administered diet history questionnaire. Estimated energy requirement was calculated based on self-reported information on age, body height and weight, and physical activity with the use of an equation from the US Dietary Reference Intakes. Under-, acceptable, and over-reporters of energy intake were identifi ed based on the ratio of energy intake to estimated energy requirement, according to whether the individual's ratio was below, within, or above the 95% confi dence limits of the expected ratio of 1.0 (Ͻ0.70, 0.70-1.30, and Ͼ1.30, respectively). Risk of being an under-or over-reporter of energy intake compared to an acceptable reporter was analyzed using multiple logistic regression. The percentage of under-, acceptable, and over-reporters of energy intake was 18.4, 73.1, and 8.4%, respectively. Under-reporting was associated with overweight or obesity, perception that one's own weight was too heavy or light, lower dietary consciousness, active lifestyle, living without family, and living in a city (compared with a metropolitan area). Over-reporting was associated with sedentary lifestyle only. This study of lean young Japanese women showed that energy intake misreporting, particularly under-reporting, was common and differential among populations. Particularly, perceived weight status was associated with under-reporting of energy intake, independent of actual weight status.
Although accurate assessment of habitual dietary intake is a prerequisite to studies of diet and health, the diffi culty of obtaining dietary data that accurately represents what people usually eat is now generally recognized (1) . Misreporting of dietary intake is a common phenomenon that appears to occur non-randomly (1) (2) (3) (4) and to be selective for different kinds of foods and nutrients (5-9). The resulting potential for differential errors in dietary data complicates the interpretation of studies on diet and health and, at worst, might produce spurious diet-health relationships (1, 3, 7) . Increasing our understanding of this serious issue therefore requires the identifi cation of different characteristics associated with different kinds of misreporting of dietary intake.
Energy intake is the foundation of the diet, because all other nutrients must be provided within the quantity of food needed to fulfi ll the energy requirement. Reported energy intake is therefore a surrogate measure of the total quantity of food intake (1) . In fact, underreporting of energy intake has long been considered a serious problem in almost all dietary surveys (1) (2) (3) (4) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . In particular, overweight and obese people tend to under-report energy intake to a greater extent than lean people (1) (2) (3) (4) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . Moreover, recent studies have shown that, in addition to under-reporting, over-reporting of energy intake also needs to be taken into account, in some populations at least, such as those with low body mass index (BMI) (3, 10, 12, 14) . Most of these studies have been conducted in Western countries (1-3, 5-8, 10-16) , however, and research in non-Western countries such as Japan is sparse (4, 9, 17, 18) . Because the ways people interpret and respond to dietary assessment may differ between Western countries and Japan, mainly due to large differences in dietary habits and body size, the accuracy of reported dietary intake may also differ, hampering the extrapolation of fi ndings in Western countries to Japanese populations.
Here, to better understand the serious problem of dietary misreporting, the objective of this study was to examine differences in dietary and non-dietary characteristics between under-, acceptable, and over-reporters of energy intake in a group of young Japanese women. A characteristic of young Japanese women is their relatively low BMI, which is nevertheless accompanied by excessive weight concerns and a strong desire for thinness (19, 20) , a combination seldom observed in other countries. In particular, we investigated the hypothesis whether actual and perceived weight statuses were independently associated with energy intake misreporting in this unique population.
MATERIALS AND METHODS
Study population. The present study was based on data from the Freshmen in Dietetic Courses Study II, a cross-sectional, self-administered questionnaire survey among dietetic students (nϭ4,679) from 54 institutions in 33 of 47 prefectures in Japan. A detailed description of the study design and survey procedure has been published elsewhere (21) (22) (23) (24) . Briefl y, a set of two questionnaires on dietary habits and other lifestyle behaviors during the preceding month was distributed to all students at orientation sessions or early lectures for freshman students who entered dietetic courses in April 2005, in almost all institutions within 2 wk after the course began. In accordance with the survey protocol, answered questionnaires were checked at least twice for completeness by trained survey staff (mostly registered dietitians) and, when necessary, forms were reviewed with the subject to ensure the clarity of answers.
In total, 4,394 students (4,168 women and 226 men) completed both questionnaires (response rate: 93.9%). For the present analysis, we selected female participants aged 18-20 y (nϭ4,060). We then excluded women who were in an institution where the survey was not conducted within 2 wk of entry (nϭ98) and those with missing information on the variables used (nϭ8). As some participants were in more than one exclusion category, the fi nal analysis sample consisted of 3,956 women.
This study was conducted according to the guidelines laid down in the Declaration of Helsinki and all procedures involving human subjects were approved by the ethics committee of the National Institute of Health and Nutrition, Japan. Written informed consent was obtained from all subjects; in this survey, the signature of the student on both of the questionnaires was considered to constitute informed consent by both the student and her parent(s)/caregiver(s).
Dietary intake. Dietary habits during the preceding month were assessed using a comprehensive self-administered diet history questionnaire (DHQ) (4, (25) (26) (27) (28) . Details of the DHQ's structure and method of calculating dietary intake have been published elsewhere (4, (25) (26) (27) (28) . Briefl y, the DHQ is a structured 16-page questionnaire which asks about the consumption frequency and portion size of selected foods commonly consumed in Japan, as well as general dietary behavior and usual cooking methods (25, 28) . Estimates of daily intake for foods (150 items in total), energy, and selected nutrients were calculated using an ad hoc computer algorithm for the DHQ (25, 28) based on the Standard Tables of Food Composition in Japan (29) . Values of nutrient and food intake were energy-adjusted using the density method (i.e., percentage of energy for energy-providing nutrients and amount per 1,000 kcal of energy for other nutrients and foods) (9) .
Validity of the DHQ with respect to commonly studied nutritional factors has been investigated (4, (25) (26) (27) (28) . Briefl y, Pearson correlation coeffi cients were 0.48 for energy, 0.37-0.75 for energy-providing nutrients, and 0.38-0.68 for other nutrients between the DHQ and 3-d estimated dietary records in 47 women (25) ; 0.23 for sodium and 0.40 for potassium between the DHQ and 24-h urinary excretion in 69 women (26) ; 0.66 between the DHQ and serum phospholipid concentrations for marine-origin n-3 polyunsaturated fatty acids (sum of eicosapentenoic, docosapentaenoic, and docosahexaenoic acids) in 44 women (27) ; and 0.56 between the DHQ and serum concentrations for carotene in 42 women (27) . Further, Pearson correlation coeffi cients between energy intake derived from the DHQ and total energy expenditure measured by doubly labeled water were 0.34 in 67 men and 0.22 in 73 women (4) .
Non-dietary factors. Body weight and height were self-reported as part of the DHQ. BMI (kg/m 2 ) was calculated as body weight (kg) divided by the square of body height (m). Weight status was defi ned according to World Health Organization recommendations as follows (30): underweight (BMI: Ͻ18.5 kg/m 2 ), normal (BMI: Ն18.5 to Ͻ25 kg/m 2 ), overweight (BMI: Ն25 to Ͻ30 kg/m 2 ), and obese (BMI: Ն30 kg/m 2 ). In a 12-page questionnaire on nondietary lifestyle during the preceding month, subjects reported self-perceived weight status (too heavy, somewhat heavy, just about right, somewhat light, or too light), whether currently trying to lose weight (no or yes), residential status (living with family, living alone, or living with others), and smoking status (never, former, or current). Dietary consciousness was assessed in the lifestyle questionnaire using the following question: 'How often do you think about diet or nutrients to maintain your health?' and classifi ed into fi ve categories (always, often, sometimes, seldom, or never). Residential areas, reported in the lifestyle questionnaire, were grouped into six regions (Hokkaido and Tohoku; Kanto; Hokuriku and Tokai; Kinki; Chugoku and Shikoku; and Kyushu) and into three municipality levels (ward (i.e., metropolitan area); city; and town and village).
Subjects also reported on the lifestyle questionnaire the time they usually got up and went to bed, which was used to calculate sleeping hours, and the frequency and duration of high-intensity activities (e.g., carrying heavy loads; bicycling, moderate effort; jogging; and singles tennis), moderate-intensity activities (e.g., carrying light loads; bicycling, light effort; and doubles tennis), walking, and sedentary activities (e.g., studying; reading; and watching television) during the preceding month. For subjects whose recorded total hours were Ͻ24 h, unrecorded hours were assumed to be spent on sedentary activities. For subjects whose recorded total hours were Ͼ24 h, the total number of hours spent daily was proportionately decreased to equal 24. Each activity was assigned a metabolic equivalent value from a previously published table (0.9 for sleeping, 1.5 for sedentary activity, 3.3 for walking, 5.0 for moderateintensity activity, and 7.0 for high-intensity activity) (31) . The number of hours spent per day on each activity was multiplied by the metabolic equivalent value of that activity, and all metabolic equivalent-hour products were summed to produce a total metabolic equivalenthour score for the day. These were then divided by 24 h to give a physical activity level (PAL) value, and classifi ed into four categories (sedentary (PAL: Ͻ1.4), low active (PAL: Ն1.4 to Ͻ1.6), active (PAL: Ն1.6 to Ͻ1.9), and very active (PAL: Ն1.9)) according to the US Dietary Reference Intakes (32) .
Identifi cation of misreporting of energy intake. We calculated each subject's estimated energy requirement (which is equal to total energy expenditure during weight stability) based on self-reported information on age, body height and weight, and physical activity, with the use of the following equation from the US Dietary Reference Intakes (32 for use in lean to obese women (Ն19 y) from a meta-analysis of methodologically sound studies using doubly labeled water as the criterion measure of total energy expenditure (nϭ433, SE fi t: 229.1, R 2 : 0.79) (32) . An investigation using two equations for normal weight women and for overweight women (32) provided similar results (data not shown), while an investigation among 18-y-old women (nϭ3,574) using two equations for normal weight girls (9-18 y) and for overweight girls (32) provided similar results (data not shown). In this paper, we present the results derived from all 3,956 women aged 18-20 y using the fi rst-mentioned equation, which had a maximum number of subjects and a minimum number of different sources of error.
Subjects were identifi ed as acceptable, under-, or over-reporters of energy intake based on their ratio of reported energy intake to estimated energy requirement, according to whether the individual's ratio was within, below, or above the 95% confi dence limits of the expected ratio of 1.0. The 95% confi dence limits (Ϯ 2 standard deviation (SD) cut-offs) were calculated according to the following equation (33) (34) (35) . 95% confi dence limit
CV rEI is the within-person coeffi cient of variation in reported energy intake, d is the number of days of dietary assessment, CVpER is the error in predicted energy requirement equation, and CVmTEE is day-to-day variation in total energy expenditure measured by doubly labeled water (33) (34) (35) . The values used were 23 for CV rEI (36, 37) (38) . The obtained 95% confi dence limit was Ϯ29.5 (%). Thus, acceptable reporters were defi ned as having a ratio of energy intake to estimated energy requirement in the range 0.70-1.30, underreporters as a ratio Ͻ0.70, and over-reporters as a ratio Ͼ1.30.
Statistical analyses. All reported p values are 2-tailed, and p values of Ͻ0.05 were considered statistically signifi cant. Mean differences in dietary characteristics between under-, acceptable, and over-reporters of energy intake were tested with one-way analysis of variance (ANOVA). When the overall p from ANOVA was Ͻ0.05, the post hoc Bonferroni test was performed. The chi-square test was used to test differences in proportions across categories of energy intake reporting.
The risk of being classifi ed as an under-reporter of energy intake compared to an acceptable reporter, or as an over-reporter compared to an acceptable reporter, was estimated using logistic regression. First, crude odds ratios (ORs) and 95% confi dence intervals (CIs) for the risk of being classifi ed as an under-or over-reporter were calculated for each category of factors which are possibly associated with energy intake misreporting, namely weight status (reference: normal), self-perceived weight status (reference: just about right), whether currently trying to lose weight (reference: no), dietary consciousness (reference: always), physical activity (reference: sedentary), smoking status (reference: never), residential status (reference: living with family), region (reference: Hokkaido and Tohoku), and municipality level (reference: ward (i.e., metropolitan area)). Multivariate-adjusted ORs and 95% CIs were then calculated by entering all variables simultaneously into the regression model to assess the genuine effect on risk. All statistical analyses were performed using SAS statistical software (version 9.1, 2003, SAS Institute Inc, Cary, NC, USA).
RESULTS
Mean values of physical characteristics were as follows: 18.1 (SD: 0.3) y for age, 1.58 (SD: 0.05) m for height, 52.3 (SD: 7.7) kg for weight, and 20.9 (SD: 2.8) kg/m 2 for BMI. Dietary characteristics across categories of reporting status of energy intake are shown in Table 1 . Mean value of the ratio of energy intake to estimated energy requirement was 0.93 (SD: 0.28). The percentage of under-, acceptable, and over-reporters of energy intake was 18.4, 73.1, and 8.4%, respectively. Energy-adjusted intake of most nutrients and foods differed among the categories of energy reporting status. For nutrients, under-reporters had the highest intake of carbohydrate and the lowest intake of protein, fat, cholesterol, potassium, calcium, and vitamin A. Overreporters had the highest intake of protein, fat, alcohol, potassium, iron, and vitamin A and the lowest intake of carbohydrate. For foods, under-reporters had the highest intake of rice and noodles and the lowest intake of confectioneries, fats and oils, fi sh and shellfi sh, meats, and soft drinks. Over-reporters had the highest intake of confectioneries, fats and oils, fi sh and shellfi sh, meat, fruits, and soft drinks and the lowest intake of rice, bread, and noodles. No differences were observed among the categories of energy reporting status for dietary fi ber, sodium, dairy products, or vegetables. Table 2 shows non-dietary characteristics across categories of reporting status of energy intake. While the proportion of overweight or obese subjects was small (6.2 and 1.3%, respectively), many subjects perceived their own weight as too heavy or somewhat heavy (17.4 and 57.1%, respectively), suggesting excessive weight concerns in spite of actual leanness. Weight status, selfperceived weight status, whether currently trying to lose weight, physical activity, and residential status was associated with energy reporting status. Under-reporters of energy intake had the highest proportion of overweight and obese subjects, subjects who perceived their own weight as too heavy or too light, subjects currently trying to lose weight, subjects with an active lifestyle, and subjects living alone. Over-reporters had the highest proportion of underweight subjects, subjects with a sedentary lifestyle, and subjects living with family.
ORs and 95% CIs for the risk of being an underreporter compared to an acceptable reporter of energy intake are shown in Table 3 . Results for crude and multivariate-adjusted models were generally similar. In multivariate analysis, overweight and obese, perceiving their own weight as too heavy or light, lower dietary consciousness, active lifestyle, living without family, and living in a city were associated with a higher risk of being an under-reporter of energy intake. Currently trying to lose weight was associated with a higher risk of being an under-reporter in the crude model, but the association disappeared after consideration of other factors. Table 4 shows ORs and 95% CIs for the risk of being an over-reporter compared to an acceptable reporter of energy intake. Results for crude and multivariateadjusted models were generally similar again. On multi- variate analysis, a higher risk of being an over-reporter of energy intake was associated with sedentary lifestyle only. Underweight was associated with higher risk of being an over-reporter in crude model, but the association disappeared after consideration of other factors.
DISCUSSION
In this study in lean young Japanese women, misreporting, particularly under-reporting, of energy intake was common and differently distributed among populations. Under-reporting was associated with overweight or obesity, perceiving one's own weight as too heavy or light, lower dietary consciousness, active lifestyle, living without family, and living in a city (compared with a ward (metropolitan area)); while over-reporting was associated with sedentary lifestyle. The most impressive fi nding was the association of perceived weight status with energy under-reporting, independent of actual weight status. To our knowledge, this is the fi rst study to examine characteristics associated with underand over-reporting of energy intake in young Japanese women, with consideration of individual physical activity level.
In this study of young Japanese women, about one- fourth of the participants were classifi ed as either under-or over-reporters of energy intake (18.4 and 8.4%, respectively). In Western countries, the percentage of under-reporters ranged from 3 to 54% and that of over-reporters from 0.1 to 22% (2, 3, 6, 7, (10) (11) (12) (13) (14) (15) (16) .
In a Japanese study using total energy expenditure measured by doubly labeled water (nϭ140), 44% of subjects were defi ned as under-reporters and 20% as over-reporters (4) . Other studies in Japan using the ratio of reported energy intake to estimated basal metabolic rate without consideration of individual physical activity reported that the prevalence of under-reporters was 20-37% while that of over-reporters was 2-10% (17, 18) . Although comparisons of the prevalence of misre- porting of energy intake between studies are hampered by differences in the criteria used to classify under-and over-reporting, dietary assessment instruments, and population characteristics, these fi ndings suggest that not only under-but also over-reporting of energy intake is likely in many dietary surveys in both Western and Japanese populations. In this lean Japanese population, we found that overweight and obese subjects were more likely to underreport energy intake. This fi nding is consistent with numerous previous fi ndings in Western countries (1-3, 6, 7, 10-16) and Japan (4, 17, 18) . Further, subjects who perceived their own weight as too heavy were predominant, and were more likely to under-report energy intake, independent of their actual weight status. Moreover, under-reporting was also independently associated with perceiving one's weight as too light. This may be due to the excessive weight concerns and strong desire for thinness commonly observed in young Japanese women, irrespective of actual weight status (19, 20) . A similar independent infl uence of both actual weight status and perceived weight consciousness on underreporting has been observed in other obese populations (10, 14) .
In this study, higher physical activity was associated with under-reporting of energy intake. This appears reasonable, given that active subjects with greater energy requirements can fall into the category of underreporting (39) . A similar association was observed in Japanese adult men and women (4) . Although several studies have suggested an association between smoking status and energy misreporting (1, 3, 7, 14, 16) , we found no such association, possibly due to the small percentage of former and current smokers in the present study. We found some infl uence of variables related to residence (residential status and municipality level) on energy under-reporting, which is in accordance with several previous studies (3, 14) . In contrast to a previous study (14) , lower dietary consciousness was associated with energy under-reporting, which may refl ect carelessness or poor memory of dietary habits, or factors potentially associated with dietary reporting such as knowledge of food and diet and enthusiasm in dietary assessment (18) .
While previous studies have suggested several lifestyle factors as a risk factor of energy over-reporting, including low BMI (3, 10, 12, 14) , none of these factors, including weight status, was associated with the risk of an being over-reporter in this study of relatively lean young Japanese women (except for sedentary lifestyle). On this basis, over-reporting may be a random rather than a systematic phenomenon compared with underreporting, in the present population at least.
Consistent with previous Western studies (1, 3, 7, 10, (12) (13) (14) 16) , energy-adjusted nutrient and food intakes differed among under-, acceptable, and over-reporters of energy intake, although nutrient and food intake in Japanese subjects appears to provide no clue as to whether the diet of under-and over-reporters is healthier or unhealthier than that of acceptable reporters (9, 17) .
This supports the hypothesis that the under-and overreporting of foods is selective and that this selective misreporting affects the energy-adjusted nutrient and food intake in a biased way (5-9), which in turn affects the diet-disease relationships thereby obtained (1, 3, 7) .
Several limitations of the present study deserve mention. First, the participants selected were female dietetic students, not a random sample of Japanese people. To minimize the infl uence of nutritional education, the present survey was conducted in most institutions within 2 wk after the course began. Nevertheless, the participants may have had healthier dietary habits and lifestyles than the general population, although with regard to the reported intake of energy, fat, and carbohydrate and BMI at least, mean and SD values in the present study were reasonably comparable to those of a representative sample of Japanese women aged 15-19 y (1,852 (SD: 480) kcal/d, 29.3% (SD: 6.8%) of energy, 55.5% (SD: 7.8%) of energy, and 20.7 (SD: 3.0) kg/m 2 , respectively) (40). Our results might not therefore be extrapolatable to the general Japanese population.
At present, the only way to obtain unbiased information on energy requirements in free-living settings is to use doubly labeled water as a biomarker (1). This technique is expensive and impractical for application to large-scale epidemiologic studies, and alternative procedures are accordingly used (3, (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) . In the present study, we calculated estimated energy requirements based on self-reported information on age, body height and weight, and physical activity with the use of an equation from the US Dietary Referenc e Intakes (32) . Although the equation was developed based on a large number of highly accurate measurements of total energy expenditure by the doubly labeled water method, these were predominantly conducted in Caucasians (32) , and might therefore be inappropriate for the present Japanese population. Moreover, this calculation used self-reported rather than measured body weight and height, although previous studies have generally shown that while weights are on average underestimated and heights are on average overestimated, the correlations between self-reported and measured values are markedly high (41, 42) . Additionally, we are unable to determine whether the associations found between misreporting of energy intake and several characteristics are true, or were artifacts caused by the procedure used to identify misreporters or to calculate energy requirements.
Energy intake was assessed using a self-administered dietary assessment questionnaire (i.e., DHQ). Actual dietary habits were not observed and, as is often the case in such dietary questionnaires (6, (43) (44) (45) (46) , the validity of the DHQ in terms of energy intake appears somewhat insuffi cient against total energy expenditure as measured by doubly labeled water (4) . Thus, the present fi ndings might be specifi c to this dietary assessment questionnaire and should be interpreted in this context, albeit there is some evidence that people tend to report dietary intake similarly across dietary assessment methods (1) .
All the variables used in this study were based on self-reporting, which might have been biased and hence infl uenced the results. For example, BMI calculated based on self-reported measures are generally underestimated, although the correlation between self-reported and measured BMI is markedly high (41, 42) . It is thus likely that the percentages of overweight and obese subjects based on self-reported data in this study are underestimated, which might have infl uenced the results by attenuating or strengthening the association.
In conclusion, this study in lean young Japanese women showed that misreporting, particularly underreporting, of energy intake was common and differently distributed among populations. Under-reporting was associated with overweight or obesity, perception that one's weight was too heavy or light, lower dietary consciousness, active lifestyle, living without family, and living in a city (compared with a ward (metropolitan area)); while over-reporting was associated with a sedentary lifestyle. The most impressive fi nding was the association of perceived weight status with energy under-reporting, independent of actual weight status. These results suggest that dietary data in young Japanese women should be treated and interpreted with marked caution. Further studies are needed to examine whether the associations observed in the present study are commonly observed across different dietary assessment methods and in other populations.
